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(54) Radiation-sensitive detector 



(57) A device for detecting radiation, for example in- 
frared radiation, which comprises a sensitive arm which, 
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over at least a portion of its length, consists of bimetal. 
One end of said arm is joined to a radiation-absorbing 
membrane. 
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Description 



The present invention relates to a radiation-sensi- 
tive detector based on the bimetal effect and to a method 
which is advantageous for the use of a detector of this 
type. 

The bimetal effect is known. It utilizes the difference 
in thermal expan sion coefficients of two different bimetal 
laminae, said difference causing a displacement force 
which varies as a function of the temperature. This effect 
has already been used for the measurement of temper- 
atures. US-A-3466449 likewise discloses a thermal re- 
lay which comprises two bimetal laminae. More closely 
to us, the bimetal effect has also been presented in 
spectrometry (cf. J.L Gimzewski et al.: Observation of 
a chemical reaction using a micromechanical sensor, 
Chem. Phys. Letters, Vol. 217, No. 5. 6, January 28, 
1994). So far, however, the bimetal effect has never 
been used for detecting radiation. 

The present invention applies the bimetal effect to 
the detection of radiation. To this end it presents a radi- 
ation-sensitive detector as defined in the claims. A par- 
ticular application of the detector according to the inven- 
tion is infrared image detection. 

The detector according to the invention permits not 
only the detection of radiation with high sensitivity, but 
the detector according to the invention also has the ad- 
vantage of the capability of being fabricated by the ap- 
plication of so-called surface micromachining technolo- 
gies and of the L1GA method. 

A further objective of the invention is to present a 
method for detecting the radiation by using the detector 
according to the invention and utilizing the characteris- 
tics thereof. 

The invention is expounded hereinafter in a more 
detailed manner by means of the appended drawings. 

Figure 1 is a side view of an illustrative embodiment 
of the detector according to the invention. 

Figure 2 presents a perspective view of the detector 
according to Figure 1 . 

Figures 3 to 9 inclusive present an advantageous 
method for fabricating a detector according to the inven- 
tion. 

Figure 10 schematically presents an illustrative em- 
bodiment which has been implemented by use of the 
LIGA method. 

The radiation-sensitive detector as presented in 
Figures 1 and 2 comprises a support 1 which, for exam- 
ple, is designed as a rectangular frame within which a 
thermally insulated membrane 2 is provided, coupled 
with which there is a radiation -absorbing layer 3. The 
membrane 2 carries a metallic arm 4 which extends in 
an overhanging manner. The fixed end of the arm 4 is 
connected to an electrical contact 5. At least a portion 
of the arm carries a metal layer 6 which is composed of 
a metal which differs from that of the arm 4, in order to 
form a bimetallic arm 

The support 1 also carries a metal arm 7 which ex- 



tends in an overhanging manner, virtually parallel to the 
arm 4. The fixed end of the arm 7 is connected to an 
electrical contact 8. In the example presented in Figure 
1, at least a portion of the arm 7 carries a metal layer 
5 which is composed of a metal which differs from that of 
the arm 7, in order thus likewise to form a bimetallic arm. 
However, the reference arm could also be ordinarily me- 
tallic, as will be seen further on. But if both arms 4 and 
7 are made of bimetal, they should be identical. 
10 The arm 4 serves as the sensitive arm, whereas the 
arm 7 serves as the reference arm. When infrared radi- 
ation reaches the absorption layer 3, the latter converts 
the radiation energy into heat, and the sensitive arm 4 
undergoes deformation under the influence of the bimet- 
is al effect. It is only the arm 4 which undergoes the influ- 
ence of the heat which is caused by the incident radia- 
tion, whereas the reference arm 7 remains immobile. 

Under the influence of the radiation, the free end of 
the sensitive arm 4 approaches the free end of the ref- 
20 erence arm 7 in such a way that the electric capacitance 
between said two free ends changes as a function of the 
absorbed energy. Thus the degree of capacitance vari- 
ation is indicative of the intensity of the incident radia- 
tion. Insofar as both arms are made of bimetal and are 
25 identical, any temperature change due to the environ- 
ment in contrast induces a movement which is identical 
for both arms and consequently does not entail a 
change in capacitance. 

In order to ensure high detection sensitivity, the two 
30 metals employed for each bimetal arm must have as dif- 
ferent as possible a thermal expansion coefficient, as 
similar as possible a Young's modulus, and the arms 
must be as long and thin as possible. Tests have shown 
that a bimetal having a length of 1 mm and a width of 
35 ten microns can produce a movement ol 1 u.m/K at its 
free end. 

The detection of the movement of the sensitive arm 
by measuring the change in capacitance has the advan- 
tage that this measurement does not produce any elec- 
40 tronic noise which could impair the performance of the 
detector. 

It should be understood that the detection of the 
movement of the sensitive arm can be effected in other 
ways, for example: by varying a tunnel current between 
45 a tip attached to the end of the sensitive arm and a fixed 
electrode, by piezoelectric or resistive effect of an ele- 
ment deposited on the end of the sensitive arm. 

The detector according to the invention lends itself 
eminently to fabrication by surface micromachining 
50 technologies or of the LIGA method, which combines 
lithographic and electrolytic coating techniques. An ex- 
ample of such a method for fabricating the detector ac- 
cording to the invention is presented by Figures 3 to 9 
inclusive. 

55 On top of a silicon substrate 1 1 , a layer 1 2, for ex- 
ample Si 3 N 4 , is deposited which is to serve as a ther- 
mally insulating membrane (Figure 3). After deposition 
of this layer, holes 20 are etched, in order to permit good 
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thermal insulation after the selective etching of the sub- 
strate, which will be carried out later. On top of the layer 
1 2, a so-called sacrificial layer 1 3 is then deposited, for 
example silicon oxide SiO s (Figure 4). 

Then a metal layer 14 is deposited which must be 
part of the sensitive arm (Figure 5). On top of the metal 
layer 14, the second metal layer 15 is then deposited, 
in order to form the first bimetal, and its electrical con- 
tact, and then a second sacrificial layer 16 is deposited 
(Figure 6). Then the metal layer 17 is deposited which 
must be part of the reference arm, and then the second 
metal layer 18, in order to form the reference bimetal 
and then its electrical contact (Figure 7). The sacrificial 
layers are then etched (Figure 8), after which the sub- 
strate 11 is etched selectively from its external surface 
as far as the membrane 1 2, and then there is deposited, 
on the rear surface, an absorption layer 19 (Figure 9). 

An electronic feedback circuit can advantageously 
be provided on the substrate 1 1 priortothe forming proc- 
ess, in order to keep constant the capacitance between 
the free ends of the arms 4 and 7. An electric field is 
applied between said ends of the two arms, and the 
feedback circuit (indicated by 10 in Figure 2) alters the 
electric field as a function of the radiation in order to 
keep the capacitance constant. The measurement of 
the variation of the applied electric field is thus indicative 
of the intensity of the incident radiation. 

In order to enhance the detection sensitivity, the 
electrodes which form the capacitance could be imple- 
mented as "tnterdigitated" fingers. The body of the elec- 
trodes carries projecting portions which extend in a 
manner so as to alternate between one another. 

The detector according to the invention can be im- 
plemented in various embodiments. As was reported 
earlier, it is possible for only the sensitive arm to be com- 
posed of bimetal, whereas the reference element is or- 
dinarily metallic. The reference element can then be im- 
mobile and be fastened to the support, to which the fixed 
end of the sensitive arm is likewise fastened. 

Figure 10 presents a perspective view of a radia- 
tion-sensitive detector implemented by the LIGA tech- 
nology. The blocks 21 and 22 are fastened to a support 
via the base 23. The metallic arms 24 and 25, joined to 
blocks 21 and 22, respectively, are covered by a layer 
26 and 27, respectively, which is composed of a metal 
differing from the arms. The free end of the arm 24 car- 
ries a block 28 covered with a layer 29 which is com- 
posed of a radiation-absorbing substance. When radia- 
tion irradiates the block 29, the arm 24 bends more than 
the arm 25. The free ends of the arms 24 and 25 form 
a capacitance. The deformation of the arms under the 
influence of radiation induces a change in capacitance 
between the free ends of the arms. This variation of the 
electric capacitance can be measured by any of the wide 
variety of measuring circuits, known to those skilled in 
the art, for measuring the capacitance. 

If the bimetallic properties result in the arms deform- 
ing by moving apart as a function of the incident radia- 



tion, a feedback circuit can be employed in orderto keep 
constant the capacitance between the free ends of the 
arms. As a result of an electric potential being applied 
between the arms, these are attracted to one another 
5 and the capacitance change due to incident radiation is 
balanced. If it is possible to keep the arms virtually im- 
mobile, the feedback voltage can be employed as a 
measuring signal which is indicative of the level of the 
incident radiation. 
to In the case of the electric potential causing a deflec- 
tion of the arms as a function of the incident radiation, 
af urther metal lamina can be added on the opposite sur- 
face of the arm 24, in order to permit electrostatic attrac- 
tion in the opposite sense and to serve to keep the arms 
is immobile. 

It will be obvious that the invention is not limited to 
the above-described embodiment and that modifica- 
tions thereof are possible without moving outside the 
scope of the invention. 

20 

Claims 

1. A radiation-sensitive detector which comprises: 

25 

a holder (1) with a radiation-absorbing mem- 
brane (3) fastened thereto, 
a metal reference element (7) which is fastened 
to the holder (1), 
30 a sensitive arm (4) which , over at least a portion 

of its length, consists of bimetal, one end there- 
of being joined to the radiation -absorbing mem- 
brane (3) and the free end thereof being situat- 
ed opposite said reference element, 
35 in such a way that, if the radiation-absorbing 

membrane (3) is irradiated by radiation, said 
sensitive arm (4) is warmed and moves as a 
result of the bimetal effect, the electric capaci- 
tance between the free end of the sensitive arm 
40 (4) and the reference element (7) being altered 

with the radiation intensity. 

2. The radiation-sensitive detector as claimed in claim 

1 , wherein the reference element (9) is formed by 
45 the end of an arm (7) which extends virtually parallel 

to said sensitive arm (3) 

3. The radiation -sensitive detector as claimed in claim 

2, wherein the reference arm (7) consists, at least 
so in part, of bimetal identical to the bimetal employed 

for the sensitive arm (4). 

4. The radiation-sensitive detector as claimed in any 
one of the preceding claims, wherein the radiation- 

55 absorbing membrane (3) consists of a layer which 
is deposited on a thermally insulating membrane 
(2). 
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5. The radiation-sensitive detector as claimed in any 
one of claims 2 to 4 inclusive, wherein the sensitive 
arm (24) at its tree end carries a projecting element 

(28) which is covered by a radiation-absorbing layer 

(29) . 



a way that the electric capacitance therebetween 
remains constant while the radiation-absorbing 
membrane is irradiated by radiation. 

5 1 2. An infrared-sensitive detector as claimed in any one 
of claims 1 to 9 inclusive. 



6. The radiation-sensitive detector as claimed in any 
one of claims 2 to 4 inclusive, wherein the sensitive 
arm (4) carries an elongate element which extends, 

at a short distance, along a second elongate ele- 10 
ment which is carried on the free end of said refer- 
ence arm (7). 

7. The radiation-sensitive detector as claimed in any 
one of the preceding claims, wherein the sensitive 15 
arm (4) and the reference element (9) are connect- 
ed to electrical contacts (5, 8). 

8. The radiation-sensitive detector as claimed in claim 

7, wherein an electronic feedback circuit is connect- 20 
ed between the two electrical contacts, in such a 
way that the electric capacitance between the sen- 
sitive arm and the reference element can be kept 
constant. 

25 

9. The radiation-sensitive detector as claimed in any 
one of the preceding claims, which is made from a 
semiconductor substrate. 



1 0. A method for fabricating a radiation-sensitive detec- 30 
tor as claimed in any one of the preceding claims, 
which comprises the following steps: 



(a) choosing a semiconductor substrate, 

(b) deposition of a thermally insulating layer, 35 

(c) deposition of a sacrificial layer, 

(d) metal deposition of the first metal layer form- 
ing part of the sensitive arm, 

(e) deposition of the second metal layer forming 
part of the sensitive arm and of the first electri- *o 
cal contact, 

(f ) deposition of a second sacrificial layer, 

(g) deposition of the first metal layer forming 
part of the reference arm, 

(h) deposition of the second metal layer forming 45 
part of the reference arm, and of the second 
electrical contact, 

(i) selective engraving of the semiconductor 
substrate as far as said thermally insulating lay- 
er, 50 
(j) engraving (etching) of the sacrificial layer, 

(k) deposition of a radiation-absorbing layer on 
the thermally insulating layer. 



1 1 . The use of a radiation-sensitive detector as claimed 
in any one of claims 1 to 9 inclusive, wherein an 
electric field is applied between the sensitive arm 
and the reference element and is controlled in such 
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FIG. 3 
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